Purpose To analyse in vivo structural and cellular features of ocular surface squamous neoplasia using clinical confocal microscopy. Methods Ten consecutive cases of untreated ocular surface squamous neoplasia were in vivo investigated using clinical confocal microscopy (ConfoScan4, Nidek Co. Ltd, Gamagori, Japan) with a Â 40 surface non-contact objective lens. Confocal microscopy images were compared with cytologic samples obtained by scraping technique. Results Confocal microscopy examination revealed large areas of superficial cells debris and/or keratin debris accompanied by syncytial-like groupings, loss of the normal structure of the conjunctival epithelium and\or of the corneal basal epithelium layer, papillomatous organization, large fibrovascular structures, and fine vessels perpendicular to the tumour surface. Sub-epithelial (pre-Bowman) space involvement was documented in four cases (50%). Irregular healthy tissue infiltration at the lateral edge of the lesion was documented in two cases (20%) whereas abrupt demarcation between neoplastic cells and normal epithelium was documented in eight cases (80%). In vivo cyto-morphologic study using clinical confocal microscopy showed cellular anisocytosis, pleocytosis, and anisonucleosis, enlarged nuclei with high nuclear to cytoplasmic ratio, high reflective cytoplasm and indistinct cytoplasmic borders in all cases (100%). Conclusion CCM appears to be a promising and non-invasive method for in vivo structural and cellular analysis of OSSN.
Introduction
The spectrum of (corneo-conjunctival) ocular surface squamous neoplasia (OSSN) ranges from mild to severe epithelial dysplasia, through full thickness epithelial involvement, to invasive squamous cell carcinoma. 1 The main treatment modality for these lesions should be wide local excision and accurate histological assessment of surgical margins. 2 Moreover, topical conjunctival chemotherapy with antineoplastic drugs has recently been proposed in OSSN management, as adjuvant or, in selected cases, sole treatment. [2] [3] Diagnosis and follow-up of OSSN are essentially based on clinical findings followed by histopathologic confirmation. 2 Tissue diagnosis is commonly performed by excisional biopsy in smaller lesions, or map biopsy in multifocal-larger lesions.
1,2 An alternative tool for tissue diagnosis is cytologic sampling using scraping or impression technique. 1, 4, 5 Cytologic confirmation may be extremely valuable in diagnosing and monitoring OSSN, particularly when treated with topical chemotherapy. 1, 2, 4, 5 Unfortunately, cytologic sampling may be uncomfortable for the patient and requires an experienced pathologist to interpret the specimens. 1 Clinical confocal microscopy (CCM) obtains in vivo high-resolution optical images of human corneal layers and conjunctiva. [6] [7] [8] The key features of CCM is its ability to produce in-focus images of thin slices (5-20 mm) within a maximum depth of 1000 mm, a process known as optical sectioning. 8 The aim of this study was to analyse in vivo structural and cellular features of OSSN using clinical confocal microscopy.
Patients and methods
This study complied with the tenets of the Declaration of Helsinki and was approved by the IRB of our Institutions. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research. Each patient was recruited from those referred to the Ophthalmic Oncology Units of both participant Institutions and underwent a baseline full ophthalmologic examination. Clinical and demographic characteristics were collected, including: age, gender, tumour location (cornea, conjunctiva, and corneo-conjunctival), and tumour largest basal diameter. Adjunctive tumour clinical features, such as nodularity, mutifocality, prominent vascularisation (presence of macroscopically evident tumour vessels or conjunctival feeder vessels), and fornix involvement were also reported. 9 Tumour clinical aspect was documented by anterior segment photography. Scraping cytology specimens were obtained at baseline from all patients. Cytologic analysis was reported as low-grade dysplasia (cells with enlarged nuclei, hyperchromasia, and irregular contour of the nuclear membrane with increased nuclear/cytoplasmic ratio), and high-grade dysplasia (pleomorphism of the nucleus with dyskeratotic cells). 1, 10 The presence of syncytial sheath, nucleoli, and infiltration of inflammatory cells was reported as invasive SCC. 1, 10 Scraping cytology results were confirmed by histopathologic examination in all cases. To be included in this study, each patient needed to be affected by untreated, clinically suspected, and cytologically confirmed OSSN, without clinical evidence of intraocular or orbital spread, aged 21 years or older and planned to undergo surgical excision as first treatment. Ten consecutive cases of OSSN were included in this case-series.
Confocal microscopy analysis
All tumours were investigated using in vivo clinical corneo-conjunctival confocal microscopy (ConfoScan4) with a Â 40 surface non-contact objective lens (Achroplan 40 Â /0.75W, Zeiss, Oberkochen, Germany). This instrument has a field of view of 340 Â 255 mm, with a lateral resolution of 0.6 mm/pix and an optical slice thickness (z-axis resolution) of 5-20 mm within a maximum depth of 1000 mm. The objective lens has a working distance of 1.98 mm, a numerical aperture of 0.75 and a front area of 16.61 mm 2 . Before examination, a drop of topical anaesthetic (Ossibuprocain, Novesina, Novartis Farma, Origgio, Italy) was applied, and a drop of methylcellulose solution (Viscotirs Gel, CIBA Vision Ophthalmics, Venice, Italy) was placed onto the tip of objective lens, as an immersion fluid. The objective lens was carefully aligned to the centre of the lesion and then, when technically possible, to the lesion margins (superior, nasal, inferior, and temporal margins) and to the paralesional area (superior, nasal, inferior, and temporal area). The objective lens was always monitored so that it never came into direct physical contact with the tumour surface. Confocal microscopy analysis was performed as continuous non-contact z-axis scan of the lesion using manual and\or semiautomatic mode. During confocal microscopy scanning, the image focal plane was advanced at a speed of B25 frames/s. Each scan was obtained in a mean of 15 s (range 7-20 s). The main magnification obtained was Â 500 on a 15 00 display (1024 Â 768 pixels).
Intra-and inter-examiner reproducibility
To check for intra-examiner reproducibility of each CCM investigation, each tumour feature (see Table 2 ) was analysed two times by the first operator; the second masked examination was performed 4 weeks apart.
A second masked operator also analysed each feature (CCM images) to check for inter-examiner reproducibility.
Results
Ten consecutive patients were included in this pilot study. Mean tumour largest basal diameter was 8.3±3.1 mm (range 3-13.0). Two tumours (20%) were conjunctival in location and eight were corneoconjunctival (80%). Baseline scraping cytology results, confirmed by histopathologic examination, are reported in Table 1 . Corneo-conjunctival confocal microscopy analysis showed structural (tissue architecture level), marginal (tumour margins), and cyto-morphologic (cell morphology level) features of the lesions.
Structural findings
Structural aspects were: large areas of superficial cells debris and/or keratin debris accompanied by syncytiallike groupings (Figure 1a) , loss of the normal structure of the conjunctival epithelium, and\or of the corneal basal epithelium layer (Figure 1b ), papillomatous organization (Figure 1c ), large fibrovascular structures (Figure 1d ), and fine vessels perpendicular to the tumour surface ( Figure 1e ). Confocal microscopy findings related to cytologic results are reported in Table 2 .
Marginal findings
Depth of invasion Corneal sub-epithelial space and anterior stroma examination through the tumour centre was possible in 5 of 8 tumours (62.5%), because of tumour thickness (41000 mm), and in all tumours through the tumour margins (100%). Sub-epithelial (pre-Bowman) space involvement was documented in four cases (50%) (Figure 3a) . Anterior stroma was normal in all cases, including the lesions with sub-epithelial involvement, without any evidence of tumour infiltration (Figure 3a ).
Lateral margins
Irregular healthy tissue infiltration at the lateral edge of the lesion was documented in two cases (20%), whereas 
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Eye abrupt demarcation between neoplastic cells and normal epithelium was present in eight cases (80%) (Figure 3b )
Cyto-morphological findings
In vivo cyto-morphologic study of the tumour using clinical confocal microscopy was feasible in all 10 tumours (100%). Cellular anisocytosis, pleocytosis, and anisonucleosis, enlarged, and polarised nuclei with high nuclear to cytoplasmic ratio, high-reflective cytoplasm, and indistinct cytoplasmic borders were documented in all cases (100%) (Figure 1a, Figure 3) . In vivo CCM analysis showed well visible dysplastic cells in each analysed tumour, showing morphologic agreement with ex vivo scraping cytology and histology in all cases (100%) (Figure 2a, Figure 3 ).
Intra-and Inter-examiner reproducibility
Excellent agreement was found for both intra-examiner reproducibility (98.2%), and inter-examiner reproducibility (96.3%) for each tumour feature reported in Table 2 .
Discussion
In vivo evaluation of the ocular structures at high magnification (to distinguish microscopic cell details) has always been a challenge for ophthalmic clinicians and researchers, but microscopic studies have, until recently, been limited to ex vivo investigations. 8 Clinical biomicroscopy and pathologic examination of sampled specimens continue to have the major role in diagnosing and monitoring OSSN. Unfortunately, biomicroscopy is limited by low magnification and needs histo-or cyto-pathologic confirmation.
1,2 Confocal microscopy was introduced into the clinical practice as a noninvasive tool to observe in vivo, at high magnification, the structures of human cornea and conjunctiva.
6,7 CCM analysis extends the principles of biomicroscopy to the microscopic range, scanning the examined tissue layer by layer (5-20 mm 'slices') by changing the plane of focus of the detector source. [6] [7] [8] Only few data were reported about CCM analysis of ocular surface tumours. [11] [12] [13] Duchateau et al 11 reported three cases of OSSN analysed with CM, concluding that this method could be a diagnostic aid especially for clinically atypical lesions. The main pathological features were: cytonuclear atypias, epithelial folds into an inflammatory and vascularised conjunctival stroma, fine vessels perpendicular to the surface, clear limit with normal epithelium, papillomatous organization, and abnormal keratinisation. 11 Our results confirm, in a larger series, these findings. Messmer et al 12 analysed 28 pigmented conjunctival tumours using CCM, including two extrascleral growths of uveal melanoma. CCM analysis showed high sensitivity and specificity for diagnosing melanocytic lesions of the conjunctiva compared with standard histopathology. 12 More recently, Pichierri et al 13 reported one case of conjunctival lymphoma analysed using CCM, concluding that CCM imaging recalled the histological profile of low-grade mucosa-associated lymphoid tissue lymphoma. Gentile et al 14 reported seven eyes affected by corneal intraepithelial neoplasia, documenting pleomorphic, medium sized, hypereflective nucleated cells with indistinct cytoplasmic border, with a sharp transition between neoplastic, and non-neoplastic epithelium. In our series, structural and cellular analysis using CCM 
In vivo confocal microscopy of ocular surface squamous tumour R Parrozzani et al showed well visible dysplastic cells in each tumour, confirming full morphologic agreement with ex vivo scraping cytology in all cases. Moreover, CCM showed corneal sub-epithelial space involvement in four cases, confirming in vivo the diagnosis of invasive SCC. Barros et al 15 recently reported an index score to differentiate SCC from pre-invasive ocular surface lesions. Four of seven parameter included in this regression model (nuclear enlargement4 Â 3, syncytiallike groupings, increased nuclear-to-cytoplasmic ratio, and indistinct cytoplasm border) are clearly visible using CCM. One parameter (prominent nucleoli) is currently undetectable by CCM. The last two parameters (cellular hyperchromasia and eosinophylic cytoplasm) need specific stains unavailable in vivo. The introduction of in vivo stains or biomarkers to better underline these cell detail will be useful to improve image quality and to obtain more detailed information. 15 Moreover, Mocan et al 16 recently reported the in vivo analysis of corneal epithelium using fluorescein-enhanced CCM, concluding that fluorescein is able to enhance the visualisation of superficial corneal epithelium and may be used to evaluate this layer to a greater extent both quantitatively and qualitatively.
Nevertheless, other parameters (not included in the logistic regression by Barros et al, but commonly used in standard histopathology) are easily detectable using CCM, mainly both structural aspects (syncytial-like groupings, loss of the normal structure of the conjunctival epithelium and\or of the corneal basal epithelium layer) and tumour margins (pre-Bowman involvement). 5 The introduction of a new CCM specific index score to differentiate SCC from pre-invasive ocular surface lesions is underway.
The high value of CCM technique results on: ability to detect both the presence and extent of OSSN, when the clinical diagnosis is difficult; to detect subclinical disease and to follow-up previously diagnosed disease with a minimally invasive procedure. Moreover, excellent agreement was found as intra-and inter-operator reproducibility is concerned.
The quality of the CCM images depends on the illumination of the focused object and light reflected by it. 11, 17 Because of its organization, normal cornea, and conjunctiva are purely transparent structures. 1, 11, 17 On the contrary, the structure of keratinised, hypoxic, and partially necrotic neoplastic proliferation has not the same favourable optic properties. 11 Therefore, clinical confocal microscopy interpretation may be more difficult in corneal/conjunctival tumours, when tumour surface clinically appears leukoplakic. In these cases, CCM analysis and imaging quality may be improved performing CCM after a gentle superficial debridement, aimed at removing superficial high reflective keratinised cells. In conclusion, CCM of the ocular surface seems a promising tool for in vivo non-invasive microscopic imaging of OSSN. The introduction of this technique in a routine clinical setting may improve in vivo characterisation of OSSN, moving clinical diagnosis from slit lamp magnifications into a microscopic magnification.
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